the pre-oxidized graphite was mixed with 12 mL concentrated H 2 SO 4 at 0 o C. Then 1.5 g KMnO 4 was added slowly under stirring in ice-bath. After stirring at 35 °C for 4 h, 100 mL deionized water was added to dilute the mixture. 2 mL 30% H 2 O 2 was then added drop by drop. Next, synthesized GO was filtered and washed with 0.1 M HCl (aq) and deionized water for at least 5 times. The obtained solid was redispersed into deionized water followed by dialysis for 7 days. The resulting solution was stored at 4 °C for further use with the concentration about 2 mg/mL.
Preparation of graphene-PAA composite membranes (GPM).
10 mg GO and 0.2 g PAA were dispersed in 95 mL deionied water by sonication for 0.5 h 3 . Then, 50 μL 80% hydrazine was added and the mixture was kept stirring at 80 o C for 20 h. The resulting mixture was sonicated for 0.5 h and then filtered through a Poly(vinylidene fluoride) filter membrane by vacuum filtration. Finally, the graphene-PAA composite membrane (GPM) was peeled off from the filtration film for further use.
Electrical measurements.
The GPM was mounted between two chambers of the testing cell which were both 
Where E C and E N are electrode potentials at each side of enzymatic catalysis and noncatalysis respectively, F is the Faraday constant, T is the absolute temperature (K), R is the gas constant, and and are activities of the products that exist in the catalysis and non-catalysis side of the cell. To Ag/AgCl electrode, E Cθ and E Nθ were equal, thus Equation (1) could be substituted with Equation (2) :
In order to simplify the calculation, and could be removed and were
equal to the Cl -concentration, Equation (3) was finally obtained:
In our experimental setup, the concentrations of electrolyte and urea were 0.01 mM and 10 mM, respectively. Assuming that urea would be fully catalyzed into NH 4 + by urease, E m could be estimated according to the Equation (3) and the maximum voltage was calculated to be 177 mV (absolute value). In this case, the efficiency can be further obtained based on the following equation:
where P cal and P mea are the calculated and measured power, corresponding to the calculated and measured voltages. Thus we can calculate the efficiency η e and the value was around 0.3%. 
